incubation period for people with symptomatic infection is 1 -2 weeks but varies from 1 day to 45 days. In the majority of infected individuals (Ç60%, depending on the population), the infection remains asymptomatic. Asymptomatic infections may be more common in children and in people with prior infections. For example, in an outbreak of giardiasis at a ski resort [15] , residents of the area were less likely to develop symptoms than were visitors to the ski resort despite the fact that there was no difference in exposure.
Symptoms. Symptomatic patients have diarrhea with loose, foul-smelling stools; there are increased amounts of fat and mucus in fecal samples. Flatulence, abdominal cramps and bloating, and nausea are common, as are anorexia, malaise, and weight loss. Blood is not present in stools. Fever is occasionally present at the beginning of the infection. In contrast to most other forms of infectious diarrhea, G. lamblia infection results and parasite examination is 2% -5% in industrialized countries and 20% -30% in developing countries. Seroprevalence studies of Peruvian children showed that 40% of children had been infected before 6 months of age, with reinfections occurring frequently [13] . The majority of cases are asymptomatic, but some children develop chronic diarrhea. However, travelers to these areas of endemicity are at high risk for contracting symptomatic giardiasis. For example, studies of travelers to St. Petersburg, Russia, have demonstrated symptomatic giardiasis in as many as 95% of travelers. Hikers and campers are also at increased risk for giardiasis, since Giardia cysts, often of animal origin, can be found in freshwater lakes and streams. The prevalence of Giardia can be as high as 35% among children attending child care centers. Although these children are frequently asymptomatic, they may transmit symptomatic giardiasis to family members [10] .
For the waterborne outbreaks of diarrhea in which the etiologic agent was identified, Giardia has consistently been the most commonly identified agent (table 1). Waterborne transmission is commonly a result of inadequate water treatment or contamination of drinking, well, or surface water with sewage. Giardiasis has also been associated with exposure to contaminated recreational water such as swimming pools. Giardia cysts can be inactivated by exposure to ozone and halogens; however, the concentrations of chlorine used for drinking water are not enough to inactivate Giardia cysts. Filtration is an effective means for removal of the cysts from water; however, some municipal water supplies are not treated by filtration [6] .
Clinical Features
The prepatent period of giardiasis and the duration of infec- Giardia antigens continuously stimulate the intestinal mucosa -associated lymphoid tissue during the course of infection. Giardiasis in patients with hypogammaglobulinemia (and possibly those with isolated IgA deficiency) is more severe than in immunologically normal patients, suggesting a prominent role for the humoral immune response in the control of giardiasis. Animal studies have confirmed the importance of the humoral immune response in giardiasis; this immune response is T cell dependent in animals. In addition to humoral immunity, macrophages, neutrophils, nonimmune factors involving the intestinal mucosa, intestinal motility, and human breast milk (for infants) may also contribute to protection from symptomatic giardiasis.
Despite the apparent importance of the antibody-mediated immune response, the diarrhea caused by Giardia frequently has been documented in G. lamblia. Another possibility is that the antibodies are limited in their efficacy because of the intralumenal location of the trophozoites. Despite the limits of in prolonged symptoms. Patients have typically been symptomthe immune response, there is some evidence that antibodies atic for 1 -2 weeks by the time they seek medical attention.
provide protection against newly acquired infection or reinfecAlthough giardiasis may resolve spontaneously, the illness fretion. For example, protection against infection following pasquently lasts for several weeks, and sometimes for months, if sive transfer of antibodies has been observed for G. lamblialeft untreated. Patients with chronic giardiasis have profound infected gerbils. In addition, studies of children in India have malaise and diffuse epigastric and abdominal discomfort. Alindicated lower infection rates for those children whose moththough diarrhea may persist, constipation may develop, or ers had giardiasis, a finding that suggests a protective role for bowel habits may return to normal [12] . maternally acquired antibody [17] . Physical findings for patients with giardiasis are nonspecific but may include mild abdominal tenderness and signs of recent weight loss. Although case reports of extraintestinal manifestaDiagnosis tions such as maculopapular rash, urticaria, polyarthritis, and
The diagnosis of giardiasis is most commonly established aphthous ulceration have been published, these findings are by identification of cysts or, less frequently, trophozoites in rarely present and should suggest alternative diagnoses [16, 6] .
fecal specimens that are stained with trichrome or iron hemaMalabsorption in cases of giardiasis has been well docutoxylin (figure 4). Stool samples can be concentrated by formamented and may be responsible for the substantial weight loss lin-ethyl acetate or zinc sulfate concentration methods. The that can occur in giardia infections. Even when the infection passage of cysts is somewhat sporadic, and if the first specimen is asymptomatic, malabsorption of fats, carbohydrates, sugars, from a patient with suspected giardiasis is negative, the sensiand vitamins may occur. Reduced intestinal disaccharidase activity can be improved by repeating the examination once or tivity may persist even after Giardia is eradicated. Lactase deficiency is the most common deficiency and occurs in 20% -40% of cases [6] . invasion is observed, and high numbers of trophozoites are 1989 -1990 7 (697) sometimes present in the duodenal crypts in the absence of 1991 -1992 4 (123) obvious pathology. The presence of a toxin has not been dem- 1993 -1994 34 (3, 994) onstrated to date, and no other potential mechanisms by which NOTE. Data are from [14] .
Giardia causes diarrhea have been identified. Other proposed / 9c37$$se37 08-19-97 10:26:49 cida UC: CID than giardiasis. Despite the value of duodenal biopsy or aspiration for the diagnosis of giardiasis, it should be emphasized that biopsy supplements stool examination: biopsy is less sensitive than stool examination but will identify patients for whom the diagnosis cannot be ascertained by stool examination alone [19, 20] . Serodiagnosis can not be used to differentiate between present and prior infection and is therefore not useful for the diagnosis of giardiasis. The sensitivity of PCR for diagnosing giardiasis is relatively low because inhibitors of PCR are present in fecal specimens.
Treatment
A number of effective treatment alternatives exist for patients with symptomatic giardiasis (table 2) . Most patients respond to a single course of treatment, especially when metronidazole or quinacrine is used [6] . In refractory cases, multiple or combilamblia trophozoites (courtesy of Lynn Garcia, UCLA Medical Center, Los Angeles, CA).
nation courses have occasionally been required. Quinacrine HCl has long been considered the treatment of choice, but side effects such as toxic psychosis and hemolysis sometimes occur in patients with glucose-6-phosphate dehydrogenase defitwice [10] . Direct examination of wet mounts of fresh stool specimens may also be useful because the detection of the ciency. Quinacrine has been supplanted by metronidazole in the United States and is no longer commercially available. motile trophozoites correlates with symptomatic giardiasis.
Giardia antigens in feces can be detected by EIAs (Alexon, Although there was initial concern about the carcinogenicity of metronidazole in rats, a detectable risk for cancer in humans Sunnyvale, CA), indirect and direct immunofluorescent assays using monoclonal antibodies (Meridian Diagnostics, Cincinhas not materialized. Metronidazole is generally free of major toxicity, but the development of nausea is frequently a barrier nati), and direct fluorescent assays (Bradsure Biologicals Ltd., Market Harborough, Leicestershire, United Kingdom). All of to its use. It also has an disulfiram-like effect, and patients should be warned not to ingest ethanol while taking metronidathese procedures are highly sensitive and specific for assaying environmental and stool samples [14] .
zole. Tinidazole, another nitroimidazole, is widely used throughout the world, and a single dose is effective for treatFor some patients with chronic diarrhea and malabsorption, the results of stool examinations are repeatedly negative despite ment of giardiasis. However, it has not yet received approval for use in the United States. ongoing suspicion of giardiasis. For such patients, direct examination of small-intestinal contents may be useful in establishing Furazolidone is somewhat less effective but is commonly used to treat children. It is ironic that furazolidone is now the the diagnosis. This can be done with the string test (EnteroTest; Hedeco Corporation, Mountain View, CA) [18] , for only drug approved by the U.S. Food and Drug Administration for treatment of giardiasis in the United States. There has been which a patient swallows a capsule on the end of a string. The string moves to the jejunum, where the trophozoites attach.
less clinical experience with albendazole, but several recent clinical studies have shown that this agent has efficacy compaAfter 4 hours to overnight, the string is withdrawn and inspected microscopically for trophozoites. Esophagogastroduorable to that of metronidazole and that it is associated with fewer side effects when given in a daily dose of 400 mg for 5 denoscopy with duodenal aspiration or biopsy can also be performed. In addition, biopsy material can be obtained without days [21] . Paromomycin, a nonabsorbable aminoglycoside, is endoscopy by using Rubin's tube, a Crosby capsule, or Carey's capsule. Although biopsy is more invasive, use of this proce- tion. Abnormalities will also be seen in patients with tropical
